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TECHNICAL NOTE
A rapid ultrastructural embedding procedure for renal biopsy
tissue
ROBERT P. SWAIN, PATRICIA A. PILIA, and STERLING K. AINSWORTH
Department of Pathology (Immunopathology), Medical University of South Carolina, Charleston, South Carolina
The increasing reliance of pathologists on ultrastructural
morphology for the diagnosis of human biopsy material has
created a need for rapid ultrastructural embedding procedures
(RUEP) to accelerate the preparation of material. The reduction
of technical time required for complete (wet tissue to stained
grid) processing of a biopsy specimen, from the several days [3—
5] of conventional tissue processing to less than 1 day, greatly
aids the physician in patient management, particularly in renal
pathology. Differentiation between lipoid nephrosis, dense de-
posit disease, membranous glomerulonephritis, and amyloid-
osis is accomplished easily at the ultrastructural level, and in
some cases, can best be diagnosed by electron microscopy. The
extent and pattern of distribution of immune complexes in
systemic lupus erythematosus determine both the aggressive-
ness of treatment and the prognosis.
Our laboratory had been using the RUEP developed by
Rowden [11, but the manufacturer's discontinuance of Epon 812
[21 necessitated a search for alternative methods. Tissue block
size (0.5 to 1,0 mm3) has been a limiting factor precluding the
widespread use of the RUEP in our experience and that of
others [1, 3]. Thus, in our studies, an RUEP was combined with
rapid chemical dehydration and the low viscosity embedding
medium of Spurr [4] to embed large pieces (2.0 mm3) of human
renal tissues for diagnostic evaluation. Tissue blocks were
ready for thick and thin sectioning 2 hr, 45 mm after surgical
removal of renal tissue.
This method allows a definitive diagnosis by electron micros-
copy before conventionally processed paraffin sections become
available to the pathologist. It also produces tissue blocks that
section well. It produces sections that stain easily, are stable in
the electron beam, and do not demonstrate polymerization
damage. The following details the rapid procedure developed in
this laboratory for the ultrastructural diagnosis of human biopsy
material, using chemical dehydration and the low viscosity
embedding medium of Spurr.
Methods. Samples of human renal biopsy tissue were divided
into six categories to compare the advantages of different post-
fixation rinses—the compatibility of ethanol with Spurr medium
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and Spurr versus Epon embedding media. The first group of
tissue samples was fixed in 2.5% glutaraldehyde in 0.lM Soren-
sen's phosphate buffer [5], pH 7.2, for 30 mm, followed by three
3-mm buffer rinses, and buffered 2% osmium tetroxide for 30
mm. All processes were performed at 4° C. The tissue was
rinsed in distilled water for 3 mm and dehydrated in two
changes of acidified (0.05% concentrated hydrochloric acid)
2,2-dimethoxypropane [6] (DMP; Fisher Scientific Company,
Pittsburgh, Pennsylvania) for 5 mm each. Then, it was infiltrat-
ed in the complete Spurr rapid medium (Ladd Research Indus-
tries, Inc., Burlington, Vermont) for two 10-mm periods. Con-
stant mechanical agitation was used to aid dehydration and
infiltration, both at room temperature. The Spurr medium was
stirred by hand with an orange wood stick for 10 sec after
addition of the DER 736 (diglycidyl ether of propylene glycol)
and NSA (nonenyl succinic anhydride), then for 5 mm after the
addition of the DMAE (dimethylaminoethanol). Tissues were
embedded in prewarmed (105° C) flat silicone rubber molds and
polymerized at 105° C for 60 mm. Polymerized blocks were
allowed to cool to room temperature before further handling.
The second group of tissues was rinsed in phosphate buffer
for 3 mm prior to immersion in DMP. The third group was not
rinsed but was taken directly from osmium to DMP. ,The fourth
group was fixed in glutaraldehyde and osmium as described
above, rinsed in buffer, dehydrated in an abbreviated ethanol
series, and placed directly into the complete rapid Spurr mix.
The fifth group, treated identically to the fourth sample, was
rinsed in propylene oxide for 5 mm prior to rapid polymeriza-
tion. The sixth group was fixed conventionally, ethanol-dehy-
drated, and Epon 812-embedded (Fisher Scientific Company).
For thick sectioning, 1-p. thick sections were heat dried on
glass microscope slides before stained with modified toluidine
blue (0.5 g toluidine blue) on a 95° C hot plate [71. The stain
solution was stirred for at least 1 hr. Single filtration prior to use
produced a satisfactory working solution; the shelf life is
undetermined but is clearly longer than 1 year, and large
quantities may be made without fear of deterioration.
For thin sectioning, 60 to 150 nm sections were prepared and
mounted on uncoated, 100 mesh copper grids. Grids were
immersed in a solution of approximately 0.5%parlodion in amyl
acetate and dried by a stream of compressed air to break the
film over the grid holes and dry the parlodion to the tacky stage
before floating sections onto the grid. It was then possible to
begin staining immediately with uranyl acetate (saturated in
50% ethanol), followed by lead citrate [8].
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Fig. 1. Electron inicrograph ofRUEP processed tissue wit/i regular nuclear outlines, finely distributed heterochromatin, and distinct nucleoli of a
renal tubule. The epithelial cell cytoplasm is dense, showing numerous swollen mitochondria. Microvilli and tubular basement membranes show
excellent fixation, embedding, and structural detail (x2,800).
Results. The quality of results obtained using this RUEP
technique is illustrated in Figure 1, which depicts the proximal
convoluted tubule of a patient with minimal change glomerulo-
nephropathy. Figure 2 demonstrates a case of membranous
glomerulonephritis. The electron dense, subepithelial immune
complexes are differentiated readily from the irregular glomeru-
lar basement membrane.
Tissue samples rinsed with distilled water prior to DMP
produced consistently flawless thin sections. Furthermore,
tissue blocks were free of difficulties associated with sectioning,
staining, and viewing under the electron beam and light micro-
scope. The sublimation rate under the electron beam was
considered to be less than that obtained with Epon 812.
Sections exhibited excellent beam stability on 100 mesh grids.
Castings were uniformly polymerized throughout the tissue and
adjacent support media. The tissue seclioned easily without
chatter or compression. Thick (I ) sections stained readily
with toluidine blue, and thin sections stained well with uranyl
acetate and lead citrate. Block storage did rtot lead to a
deterioration of cutting quality. In cases of glomerular obsoles-
cence, the RUEP penetrated all areas of the defunct
glomerulus.
Rinsing tissue with buffer prior to its immersion in DMP
resulted in a serious crystalline deposition in the tissue periph-
ery, accompanied by inadequate dehydration at all levels.
Tissue that was not rinsed following osmication, prior to
dehydration with DMP, had fewer crystalline bodies; however,
inadequate dehydration interfered with the production of satis-
factory sections. Tissue samples processed with abbreviated
ethanol dehydration and infiltrated in the rapid Spurr mix
consistently demonstrated inadequate infiltration of the Spurr
medium in the central portions of the tissue. A 5-mm propylene
oxide rinse was added prior to infiltration in the Spurr mixture,
resulting in uniform, well polymerized tissue blocks. There is
identical ultrastructural detail, though less inherent contrast, in
tissue sections embedded in Spurr media as compared to Epon
812.
Discussion. The rapid ultrastructural embedding procedure
varies considerably from the traditional approach involving
long processing schedules to assure the highest quality results.
The major limitation to the usefulness of RUEP's has been the
small tissue size (0.5 mm3) necessary for complete infiltration
and dehydration. Combining the use of low viscosity resins with
abbreviated fixation, chemical dehydration, and shortened po-
lymerization schedules has resulted in a RUEP that has practi-
cal applications with much larger pieces of tissue than conven-
tional or other RUEP methods. Production of high quality
electron micrographs is the ultimate criterion of usefulness of
the RUEP.
Previous investigations have demonstrated the potential of
abbreviated forms of tissue processing [1, 31. Tissue prepared in
rapid Spurr demonstrated preservation and morphological de-
tail identical to that of tissue prepared by conventional methods
and embedded in Epon by either ethanol, ethanol-propylene
oxide, or DMP dehydration schedules. However, our data
indicate that the Spurr medium is not completely compatible
with ethanol.
The hypothesis that controlled precipitation of the phosphate
buffer during alcoholic dehydration enhances tissue contrast [9]
was evaluated using DMP as a dehydrating fluid. Phosphate
buffer precipitates when small quantities are mixed with DMP,
producing crystalline artifacts on the surface and in peripheral
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Fig. 2. Electron micrograph of RUE? processed glomerulus with focal blunting of podocvtes. Marked structural contrast is obtained, in addition to
excellent preservation of glomerular basement membranes, cell organdies, and electron opaqueness of immune complexes (x9,200).
areas of the tissue which interfere with the hydrolysis action of
DMP with tissue water. Controlled precipitation of the phos-
phate buffer, however, did not increase tissue contrast using
this RUEP method. The less viscous embedding medium de-
scribed by Mascorro, Ladd, and Yates FlO] provided similar
results, although we felt that sufficient contrast was not ob-
tained to adequately demonstrate immune complexes in diag-
nostic material. Thus, it offered no advantage over the Spurr
medium.
Less than meticulous handling of the Spurr medium compo-
nents should be discouraged. Care should be taken to avoid the
accumulation of moisture in resin bottles. Gravimetric measure-
ments are used to prepare the medium because of their greater
accuracy as compared to volumetric measurements. We have
found that an accuracy of g is acceptable when weighing
each resin component, although 10 mg is encouraged and
attained routinely. Using a top loading, direct digital readout
electronic balance with automatic taring, all medium compo-
nents can be weighed in less than 5 mm. Silicone rubber molds
are used for embedding, as the traditional "Beem" capsules
melt when polymerization temperatures approach l00 C. The
one-temperature polymerization schedule described by some
F31 was used in preference to the two-temperature schedule
recommended by others Fill. Elimination of the slower two-
temperature method did not produce polymerization artifacts in
our studies,
To ensure a good bond between section and grid during
electron staining, it is recommended to dip the grid in a
parlodion solution. The concentration of parlodion is not criti-
cal. Care should be exercised to break the film over the grid
holes when drying with a compressed air stream. Film left over
the holes is not necessary for specimen stability.
Sectioning properties, staining ability, and behavior under
the electron beam demonstrate this RUEP to be a practical,
useful technique in a diagnostic electron microscopy facility.
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